ABSTRACT
INTRODUCTION
Selective intrauterine growth restriction (sIUGR) affects approximately 10-15% of monochorionic (MC) twin pregnancies 1 . Diagnosis is based on an estimated fetal weight (EFW) in one twin of < 10 th percentile 2, 3 , or an intertwin EFW discordance ≥ 25% 4 . This condition is of clinical significance due to the potential risk of intrauterine fetal death (IUFD) or adverse neurological outcome for both twins 5 . Unequal sharing of the placenta is the main cause of sIUGR 6, 7 , while clinical outcome is closely related to the characteristics of the placental vascular anastomoses 8 . Doppler evaluation of the umbilical artery (UA) in singletons and dichorionic twins is an established parameter for the diagnosis and surveillance of IUGR, secondary to placental insufficiency. In MC twin pregnancies complicated by sIUGR, UA Doppler waveforms represent the combined effect of placental insufficiency and placental vascular anastomoses 9 . According to the classification system 10 based on the characteristics of the diastolic flow in the UA, sIUGR MC twins exhibit three main waveform patterns: Type I (persistently positive), Type II (persistently absent or persistently reversed) and Type III (intermittently absent or intermittently reversed). These Doppler patterns are evident early in pregnancy and are associated with considerable differences in outcome, which is expected to be good for Type I, and with high risk of deterioration for Type II 10 . Type-III pregnancies are considered to have an intermediate prognosis, but are the most unpredictable and are at increased risk of antenatal brain injury 11, 12 . The primary aim of this study was to describe the changes observed in UA Doppler flow patterns in a retrospective cohort of MC diamniotic (DA) twin pregnancies complicated by sIUGR. Secondary aims were to evaluate the impact of changes in UA Doppler findings in sIUGR twins on IUFD risk, while taking into account EFW discordance and amniotic fluid deepest vertical pocket (DVP) as further potential predictors of demise of the smaller twin, and to investigate the postnatal outcome of the cohort.
METHODS
We analyzed retrospectively 140 consecutive MCDA twin pregnancies complicated by sIUGR, referred before 26 weeks' gestation to our Fetal Therapy Unit at the Vittore Buzzi Children's Hospital, University of Milan in Italy, and examined between April 2004 and April 2012. All of the pregnancies had been diagnosed as MC on first-trimester ultrasound examination. At referral, both twins underwent a detailed evaluation of fetal anatomy, including fetal biometry and EFW, cardiac structure and function, DVP of amniotic fluid, placental location, cervical length and Doppler interrogation of the UA, fetal middle cerebral artery (MCA) and ductus venosus (DV). All examinations were performed by the same four operators (M.A.R., M.L., S.F. and V.S.) using a GE Voluson 730 Expert or GE E8 ultrasound machine (GE Medical Systems, Zipf, Austria), equipped with a 4-8-MHz probe. The diagnosis of sIUGR was made when the EFW was < 10 th percentile in the smaller twin, or when the EFW difference was ≥ 25% in the absence of twin-to-twin transfusion syndrome and twin-anemia polycythemia sequence. EFW was obtained according to Hadlock et al. 13 and intertwin EFW discordance was calculated using the formula (large twin EFW -small twin EFW) × 100/large twin EFW.
In the IUGR twin, UA Doppler waveforms were classified as Type I (end-diastolic flow persistently positive), Type II (flow persistently absent or persistently reversed) or Type III (flow intermittently absent or intermittently reversed). Intermittent absent or reversed flow was defined as UA waveforms showing cyclical positive, absent and reversed end-diastolic flow over a short time interval 14 . Doppler evaluations were performed in a free loop of the umbilical cord, and multiple waveforms of both UAs (with the exception of seven cases with a single UA) were obtained. The presence of intermittent absent or reversed flow in a free loop was always confirmed by sampling both UAs at the proximal portion of the umbilical cord, closest to the placental insertion 14 . When the two UAs showed different flow patterns (e.g. positive in one, absent in the other) the worse of the two was used to classify the UA Doppler pattern.
Peak systolic velocity and pulsatility index in the MCA were measured and recorded 15 . Doppler abnormalities in the DV were defined as absent or reversed a-wave end-diastolic velocity. Measurements were performed in the absence of fetal movements, with an angle of insonation as close to zero as possible.
Once the diagnosis of sIUGR had been established by fetal biometry, the UA Doppler pattern at first observation became the UA pattern baseline. The same routine was repeated at each examination, scheduled on a weekly basis, with more frequent examinations in the presence of reversed UA flow or abnormal DV waveform.
Before viability (24 weeks), in the presence of a severely compromised IUGR twin (defined as persistently absent or reversed end-diastolic flow in the UA combined with persistently absent or reversed a-wave in the DV), active management with bipolar cord coagulation (BCC) for selective termination was considered. Thirteen cases of BCC included in the present study have been described previously 16 . After viability, the timing of delivery was decided by the attending hospital on the basis of local protocols, taking into consideration gestational age and fetal condition. Fetal deterioration in the IUGR twin was defined by reversed flow in the UA, abnormal a-wave in the DV, or abnormal pulsatility index in the MCA. Anhydramnios and growth arrest in the smaller twin were also considered as signs of fetal deterioration.
The pattern of UA Doppler flow observed ≤ 1 week prior to a double or single IUFD, BCC or delivery was recorded as UA pattern at last examination. Magnetic resonance imaging (MRI) was performed in the surviving twin 2 weeks after all single IUFDs, and in all cases of cerebral injury suspected on ultrasound.
All pregnancies were delivered in hospitals with second-or third-level neonatal care units, and all liveborn neonates underwent an early brain scan. An abnormal scan was an indication for cerebral MRI regardless of gestational age. Chronic lung disease, necrotizing enterocolitis, and Stage-III retinopathy of prematurity were considered as severe neonatal morbidities. All surviving infants were followed up with serial neurological examinations by a pediatric neurologist-psychiatrist, which is routine care in Italy. Postnatal follow-up ranged from 12 months to 7 years (median, 24 months) and was recorded for all neonates/infants.
Neurological impairments were classified as severe, moderate or mild 17 . Patients classified as having severe impairment were those with: motor deficits impairing their ability to walk (cerebral palsy Level 3-5), development quotient < 70, severe behavioral disorder (autism) or bilateral sensorineural deficit (bilateral deafness or blindness). Children classified as having moderate disability were those with: motor deficits not impairing their ability to walk (cerebral palsy Level 2), development quotient of 70-84, behavioral disorders (attention deficit and/or hyperactivity) or unilateral sensorineural deficit. Children classified as having mild disability were those with: minor motor deficits (clumsiness), transient motor delay (with prospect of normalization) or isolated language impairment 18 . For all infants, the results of the neurological examinations were obtained for neuromotor and neurodevelopmental data. Rate of intact survival was defined as the number of infants surviving without complications or impairment, divided by the total number of infants (i.e. 140 IUGR and 140 large twins).
The study complied with our institution's research guidelines for clinical observational studies.
Statistical analysis
For univariate analyses, the Kruskal-Wallis test was used to compare continuous variables across sIUGR UA Doppler flow pattern types, and Fisher's exact test for categorical variables. In order to evaluate Doppler pattern changes over time (monitored weekly), distributions of UA end-diastolic flow at first and last examination were compared.
Given the different lengths of follow-up among the pregnancies, to investigate the association of IUFD of the IUGR twin with selected clinical characteristics (UA Doppler pattern, EFW discordance and amniotic fluid DVP), we calculated the person-time at risk (person-weeks) from first examination to time of BCC, IUFD or delivery. UA Doppler pattern was treated as a time-dependent variable (i.e. in the event of pattern change, women contributed person-weeks to more than one Doppler pattern) 19 , while EFW discordance and DVP were taken only at the first examination. We then calculated the IUFD rates (per 100 person-weeks) and 95% CIs for the IUGR twins.
Finally, hazard ratios (HR) for IUFD in IUGR twins were calculated using univariate and multivariable Cox regression models, including the covariates UA Doppler pattern (time-dependent), EFW discordance (< 25%, ≥ 25%) and amniotic fluid DVP (≥ 2 cm, < 2 cm). Gestational age was used as the time scale and, since women entered the study at different gestational ages, left-truncation (i.e. delayed entry) was taken into account by beginning follow-up on the date of first examination 20 . BCC and delivery were treated as censoring events. After fitting Cox models, the proportional hazards assumption was tested on the basis of Schoenfeld residuals. P < 0.05 (two-tailed) was considered statistically significant. All analyses were performed with Stata 13 statistical software (StataCorp LP, 2013, College Station, TX, USA). 
RESULTS
Among a total of 1230 MCDA twin pregnancies referred to our hospital from April 2004 to April 2012, there were 140 complicated by sIUGR. Table 1 summarizes the maternal and fetal characteristics at the time of diagnosis of sIUGR. At last examination (≤ 1 week prior to double or single IUFD, BCC or delivery), a total of 46 (33%) cases showed a pattern of UA Doppler flow that had changed from that recorded at first examination, all cases with such change having originally been either Type I (of which 17/65 (26%) changed) or Type II with absent flow (of which 29/47 (62%) changed) ( Table 2 ). There were no significant differences between these 46 cases with respect to gestational age at diagnosis, EFW discordance or amniotic fluid DVP, compared with those remaining unchanged, and the median follow-up time was the same (12 weeks) in cases with stable patterns and in those which changed patterns. Table 3 summarizes the pregnancy course and perinatal outcome according to UA Doppler pattern at first examination. Double IUFD complicated 10 (7%) pregnancies, at a median gestational age of 24 (range, 18-32) weeks. Single IUFD, always involving the IUGR twin, occurred in eight (6%) pregnancies, at a median gestational age of 25 (range, 22-32) weeks. Five of these eight cases were managed expectantly, with serial ultrasound examinations and MRI performed 2 weeks after the cotwin's death. These five large cotwins were delivered at a median gestational age of 36 (range, 31-39) weeks and had normal neurological development. Two other IUGR twin deaths, occurring at 26 and 32 weeks, were managed by elective delivery of the large twins. The twin born at 26 weeks, weighing 980 g, had intraventricular hemorrhage Grade ≥ 3 and died soon after birth. The other, weighing 1980 g at delivery at 32 weeks, survived but developed severe neurological morbidity (multicystic encephalomalacia, with spastic bilateral cerebral palsy affecting all four limbs). In the eighth case, after death of the IUGR twin at 24 weeks, the large twin suffered severe cerebral injury and the family chose to terminate the pregnancy. There were two additional cases of antenatal cerebral injury (extensive subcortical ischemic lesion in one; intraventricular hemorrhage Grade IV in the other) in ongoing twin pregnancies, in both cases affecting the smaller twin. One neonate died soon after birth, while the other survived with severe neurological morbidity.
Overall, 20/140 (14%) IUGR cases underwent BCC. The survival rate for the large twin after the procedure was 16/20 (80%): two suffered IUFD and two miscarried. There was one additional miscarriage, in a Type-I pregnancy (with cervical length 18 mm at first examination). One hundred and twenty women had at least one live birth, with a median gestational age at delivery of 32 (interquartile range, 29-33) weeks. Neonatal death occurred in 26 (9%) of the 280 twins, with an overall survival rate of 80/140 (57%) in the small twin, and of 111/140 (79%) in the large. Table 4 summarizes the neurodevelopmental outcome of surviving infants. Mild neurological impairment was more prevalent in the small twin than in the large cotwin (7% vs 1%, P = 0.02). Overall, the intact survival rate was 67/140 (48%) among the IUGR twins and 103/140 (74%) among the large twins (P < 0.001). Table 5 considers the IUGR twins and shows the number, rate (per 100 person-weeks) and crude and adjusted HRs for IUFD according to UA Doppler pattern type, EFW discordance and amniotic fluid DVP. The overall IUFD rate was 1.8 per 100 person-weeks. The highest rate was observed when the pregnancy was (or became) UA Doppler pattern Type II reversed (6.9 per 100 person-weeks), followed by Type II absent (3.1 per 100 person-weeks). The univariate and multivariable Cox analyses confirmed the high IUFD relative risk for these two patterns (adjusted HR = 9.5 for Type II reversed and HR = 4.3 for Type II absent). Data are given as n or n (%). 
DISCUSSION
In this series of MCDA twin pregnancies with sIUGR, UA Doppler waveform patterns in the IUGR twin changed during pregnancy in 26% of Type-I cases and in 62% of Type-II cases with absent flow, while they remained unchanged in Type-II reversed and Type-III cases. As regards the impact of these changes on outcome, higher risk for IUFD was found in cases that were (or became) pattern Type II reversed and pattern Type II absent.
The study confirms the importance of a classification system based on UA Doppler pattern to predict perinatal outcome in MC twins complicated by sIUGR, but also questions the assumption that the Type-I pattern remains unchanged during pregnancy. Of the two major studies addressing this issue, after pattern assignment at enrolment, one 10 found a change in just one of the 39 Type-I cases described, while the other 11 found no change in any of the 31 cases. Type-I pregnancies are thus generally considered to have a good outcome, with a low risk of IUFD in the small twin (3-5%) and survival rates of around 95%. In our cohort, as in the abovementioned studies, the 74% of Type-I cases which remained stable had an intrauterine mortality rate of 5%. However, unlike the two previous studies, our study found that over a quarter of Type-I cases changed into worse patterns indicative of increasing placental dysfunction, and this change made the outcome less favorable. Of the nine cases worsening to Type II with absent flow, one was complicated with death of the IUGR twin at 24 weeks and severe cerebral injury in the large twin, and three with very preterm delivery for arrested growth. The six cases progressing to Type II with reversed flow clearly needed appropriate management (three with cord occlusion and three with elective preterm delivery).
sIUGR Type II is known to be at high risk of deterioration, leading obstetricians to consider active management before the occurrence of IUFD. Of the 30 cases described by Gratacos et al. 10 , fetal deterioration (defined as abnormal venous Doppler, persistent reversed flow in the UA or abnormal biophysical profile) occurred in 90% of cases. The management options comprised selective feticide before 28 weeks (performed with cord occlusion in 9/30 cases) and preterm elective delivery after 28 weeks. No unexpected deaths were observed in this cohort.
